We used near infrared spectroscopy to measure changes in cerebral oxygenation in both human infants and adults as they viewed images of faces or control "visual noise" stimuli. At an occipital site, adults showed a significant increase in oxyhaemoglobin and a contrasting pattern of results was observed in infants. While the same general difference between the processing of the two stimuli was observed, a larger decrease in oxyhemoglobin concentration in response to faces than to visual noise was found in infants. These results demonstrate that near infrared spectroscopy can detect differences in stimulus processing induced by a complex visual stimulus in both infants and adults. (J Pediatr Neurol 2004; 2(2): 85-89).
Introduction
Much is known about the neural basis of face processing in the adult brain through the use of imaging methods such as functional magnetic resonance imaging (fMRI) and positron emission tomography (PET) (1-3). However, for a variety of methodological and ethical reasons these imaging methods are unsuitable for awake, healthy human infants, thus hampering the investigation of postnatal functional brain development. Recently, near infrared spectroscopy (NIRS) has been used to measure changes in cerebral oxygenation in human participants, including infants. However, the studies with infants have usually involved comparisons between simple sensory stimuli such as a flickering 5-Hz checkerboard pattern compared to resting (4), auditory stimulation versus silence (5) , and olfactory stimulation (6) . More recent studies indicate that optical recording can also detect activation differences in the cortical responses to various visual patterns (7) and speech versus nonspeech acoustic stimuli (8) .
While experiments such as these confirm that NIRS can be used to detect brain function in infants, it remains unclear whether the technique will be suitable for measuring the neural basis of more complex cognitive abilities such as face processing. Further, to our knowledge there are currently no studies where NIRS with the same stimuli have been applied to both infants and adults, and so direct comparisons have not been possible. Before specific issues about functional brain development early in life can be investigated, it is necessary to establish that NIRS is sufficiently sensitive to detect more subtle differences arising from the later stages of processing of sensory information, such as those that discriminate between faces and stimuli matched for low-level sensory properties. In the present study we demonstrate that NIRS can detect changes in cerebral oxygenation resulting from a comparison between viewing faces and matched "structured noise" images in both adults and infants. We decided to study 4-month-olds because there is evidence that by this age cortical structures are involved in face processing (9) .
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Near infrared spectroscopy reveals neural activation during face perception in infants and adults
Material and Methods
Participiants
Participants were 16 adults (10 females and six males, mean age 34.0 years) with normal, or corrected to normal, vision and 11 healthy 4-month-old infants (six girls and five boys, mean age 132±13.9 days). A further two adults and 15 infants had their data excluded due to excessive motion artefacts. These participants had motion artefacts in more than half of the recorded trials. Ethical approval was obtained for this study from the Birkbeck School of Psychology Ethics Committee, and written informed consent was obtained from adult participants and parents of infant participants.
Stimuli
The face stimuli were full-colour life-size images of five female faces. The five control stimuli were artificially constructed from the same spatial frequencies and colour distribution as the faces (Figure 1 ) (10) . Each trial consisted of presentation of 10 randomly selected stimuli of the same class (face or visual noise) at a rate of 1 Hz. Stimulus duration was 800 msec and the 200 msec interstimulus interval was filled by the presentation of a small cartoon figure. The inter-trial interval was controlled by the experimenter and its duration was at least 10 seconds. During the inter-trial intervals short cartoon animations were shown on the screen. The face and noise stimuli were presented on alternating trials.
Procedure
Infants and adults watched the stimuli passively. We presented 50 trials for adults (25 trials in each condition) and infants were allowed to watch the stimuli as far as they were willing to cooperate without much movement. We recorded the behaviour of the infants, together with time code signals, on videotape.
Recording
A commercially available Hamamatsu NIRO 300 two channel NIRS system was used (11) . Probes incorporating the emitting and detector fibres were fixed to the scalp at two locations: equal distance from Fz and Oz (international 10/20 system) on a horizontal plane. The distance between the source and the sensor was 5 cm with adults, and 4 cm with infants. Optical attenuation data were acquired simultaneously from the frontal and occipital regions at 6 Hz.
Data analysis
The recorded attenuation data were converted into changes in concentration of the chromophores oxyhemoglobin (HbO 2 ) and deoxyhemoglobin (HHb). The sum of these changes allowed calculation of total hemoglobin concentration (HbT). Videotapes of the infants' behaviour were coded. Trials in which the infant was not attending to the screen were rejected from further analyses. Coders also noted infant movement and trials where comparable visible movement artefacts were seen in the recording were also rejected. Average stimulus-elicited changes of HHb and HbO 2 were calculated individually, separately for the face and noise trials. Concentration changes were calculated against a one-second-long pre-trial baseline value. Statistical comparisons using t-tests (subscripts indicate degree of freedom) were made against baseline, and contrasting the two conditions, in the Noise Face average concentration levels within the 5-15 second latency range from trial onset. Earlier studies (4) (5) (6) (7) (8) showed that infants' hemodynamic response, just like those of adults', lags behind the stimulation by 3 to 6 seconds. Due to multiple comparisions, we applied a strict 0.02 alpha-level of significance in the statistical tests. Figure 2 shows the time course of the average change of concentration of the hemoglobin measurements, and Table 1 contains the measured changes in the 5-15 sec window after the start of stimulation.
Results
Adults
Faces elicited an average of 0.246 µM increase of HbO 2 in the occipital cortex between 5 and 15 sec after the stimulation started (Table 1 and Figure  2 ). This increase was highly significant (t 15 = 4.407, P < 0.001). Parallel to the HbO 2 increase, HHb concentration decreased in response to faces, but this change did not reach statistical significance. Occipital responses to visual noise showed an opposite pattern: increase in HHb and decrease in HbO 2 concentration. These changes did not differ significantly from baseline. The comparison between the response pattern to the two kinds of stimuli was significant: higher concentration of HbO 2 with faces than with visual noise (t 15 = 3.509, P < 0.005). HbT did not change in the occipital region. In contrast to the occipital region, seeing faces increased not the HbO 2 but the HHb concentration at the frontal measurement site. This increase reached statistical significance (t 15 = 2.624, P < 0.02). 
NIRS in infants and adults
Infants
In contrast to adults, face stimuli produced a decrease of HbO 2 concentration in infants at occipital sites (t 10 = 2.924, P < 0.02) (Figure 3) . Changes of HHb concentration in the occipital region displayed a different pattern. Faces did not produce a response while visual noise elicited an increase (t 10 = 3.388, P < 0.01).
There was no statistically significant changes in concentration levels in the frontal region in infants.
Discussion
Optical spectroscopy of the human brain is possible because there is a window of transparency of biological tissue to light in the near infrared part of the spectrum (12, 13) . Due to relatively low absorption by water, light in the wave length range 650-1000 nm is able to penetrate up to several centimetres of biological tissue. The different absorption characteristics of HbO 2 and HHb allow absorption spectroscopy to be performed and the changes in their concentration to be measured. If a simple sum of the changes in HbO 2 and HHb is performed, the change in total HbT can be used as a surrogate measurement for changes in cerebral blood volume. While the technique was pioneered to study cerebral hemodynamics in preterm infants (14) , once fMRI became widely used in the assessment of cerebral function, it became clear that NIRS was potentially suitable for the same purpose (15) , especially in infants where the thin skull leads to increased penetration into the cerebral tissue (16) .
While the neural basis of face processing has been extensively studied in adults, comparatively little is known about its development during infancy and early childhood. Several groups have used scalp-recorded event-related potentials NIRS in infants and adults G Csibra et al 88 (ERPs) to trace the development of face-sensitive components during infancy and childhood (9, 17, 18) . While these studies have generated valuable information about the degree of selectivity in the cortical processing of faces, scalp-recorded ERPs allow only approximate localisation within the cortex. A preliminary report of a PET study on a small sample of 2-month-old babies produced evidence consistent with activation of some of the same cortical regions as seen in adults (19) . However, this analysis depended on a subtraction methodology with a control stimulus that differed from the faces used on various dimensions (including motion). Finally, a recent fMRI study investigated the development of face processing in children (20) , and observed a pattern of increasing localisation to the regions of cortex activated by faces in adults. Whether this developmental trend extends into infancy cannot be assessed with fMRI, but could potentially be addressed with NIRS. Our results demonstrate that NIRS can be used to detect differences in stimulus processing induced by a complex visual stimulus in both infants and adults. Further, the effects obtained were different for the two age groups. At the occipital site, adults showed a significant increase in HbO 2 , and corresponding decrease in HHb, in response to the presentation of faces. At the frontal site faces elicited an increased HHb concentration. A contrasting pattern of results was observed in infants where the same general difference between the processing of the two stimuli was observed for in HbO 2 concentration at occipital sites but in the opposite direction (Figure 3 ).
These results demonstrate that changes in cerebral blood oxygenation resulting from the processing of faces can be detected in human infants. There are several possible reasons why the changes observed in infants are different from those observed in adults. First, while we chose scalp locations to be compatible with previous research these are not necessarily the closest locations to the underlying regions of activation for face processing. It is possible that, due to the postnatal growth of the brain, the relevant regions activation shift relative to the skull landmarks we used, generating different results in infants and adults. Locations near, but not over, areas of activation may have different patterns of oxygenation change (21) . A second possible reason why the infant data differed from that in adults comes from the observation that while previous NIRS studies in adults have demonstrated changes resulting from stimulation consistent with a positive BOLD fMRI signal change, studies in infants have revealed a less consistent, and sometimes opposite, pattern (13) . Thus, our observation of a different pattern of change in infants with NIRS is not inconsistent with previous fMRI studies. Future topographic studies with more measurement sites can clarify which of these factors account for the difference between adults and infants in the present study.
We have demonstrated the viability of using NIRS to study changes in cerebral blood oxygenation in response to complex visual patterns, such as faces, in human infants. This significantly extends previous work on the earlier stages of sensory processing. Further work with this technique may help us to understand functional brain development in young infants.
